Sera of individuals infected with adult T-cell leukaemia virus (ATLV) react predominantly with the polypeptides gp68, p24 and p 19. These polypeptides were isolated from ATLV-infected MT-2 ceils and virus. The radioiodinated polypeptides were used to quantify respective antibodies in individual ATLV carrier sera. Heteroantisera prepared in rabbits against isolated polypeptides facilitated studies on the biosynthesis of the core and envelope polypeptides of ATLV. Pulse-chase experiments revealed a polypeptide of mol. wt. 48 000 (48K) as the precursor to the core polypeptides p24 and p19. A 28K polypeptide related to p19 appeared to be an early side-product of the gag gene or a translate of a defective viral message. Antiserum to the putative env gene product gp68 recognized gp68, gp66 and small amounts of gp62. In tunicamycin-treated cells gp68, gp66 and gp62 were no longer synthesized, but a 54K polypeptide reacted with antiserum to gp68. Polypeptide p54 is structurally related to gp68 and therefore apparently represents the unglycosylated form of gp68. Moreover, the apparent mol. wt. of p54 and p48 agree with those predicted for respective env and gag precursors from the nucleotide sequence of an ATLV provirus.
INTRODUCTION
Two prototypes of a new species of retrovirus were discovered and isolated independently in America (human T-cell leukaemia virus, HTLV) (Poiesz et al., 1980) and subsequently in Japan (adult T-cell leukaemia virus, ATLV) Yoshida et al., 1982) . The isolates are closely related with respect to RNA sequences (Popovic et al., 1983a) , virion polypeptides Schiipbach et al., 1983b; Copeland et al., 1983) and biological properties. They are transmitted horizontally Seiki et al., 1983) , immortalize Tcells in vitro Popovic et al., 1983 b) , and are associated regularly Blattner et al., 1982) with adult T-cell leukaemia (ATL; Takatsuki et al., 1977) . Sera of all ATL patients tested to date react with ATL-associated antigens (ATLA) of an ATLV-producing tumour cell line . The viral aetiology of ATL was further supported by the observation that polypeptides of the ATLA complex with tool. wt. of 24000, 19000 and 15000 (24K, 19K and 15K) are the major constituents of purified virus particles Schneider et al., 1984) . Similar polypeptides, p24 and p 15, are encoded by HTLV (Oroszlan et al., 1982; Copeland et al., 1983) . Their amino acid sequences fit the proviral DNA sequence of ATLV .
In addition to these virion polypeptides, sera of ATL patients recognize gp68 in ATLV-producing cells (Yamamoto et al., 1983 b) . This polypeptide is probably a precursor to the viral envelope polypeptide gp46 as well as several polypeptides of mol. wt. 45 000 to 70000 which turn over rapidly . Monospecific antisera to virion polypeptides would facilitate classification of these molecules as precursors of viral core and envelope polypeptides.
Preparative polyacrylamide gel electrophoresis. The concentrated eluate was dialysed overnight against 20 mMammonium carbonate buffer and lyophilized. To detect protein bands in gels without fixation an aliquot of the concentrated eluate was radioiodinated, mixed with unlabelled material, and analysed by PAGE. Polypeptide gp68 was identified by analysis of immunoprecipitates of the labelled fraction on the same gel. Wet gels were sealed into plastic bags and exposed to X-ray films (Kodirex, Kodak) at 4 °C for autoradiography. The gp68 was eluted electrophoretically from gel strips containing the radiolabelled polypeptides (10 h, 20 V/cm) into dialysis bags with running buffer (Laemmli,1970) .
Purification of p24 andp19. Viral core polypeptides were isolated from sucrose-banded virus by preparative gel electrophoresis. Polypeptides p24 and p19 were identified and eluted from gels as described for gp68. For electroelution, Tris acetate buffer (20 mM, pH 8.6) was used instead of running buffer.
Preparation ofantisera. Purified gp68, p24 and p 19 were dialysed in Spectrapore 2 tubing (Spectrum Medical Industries, Los Angels, Ca., U.S.A.) against H20 for 24 h at room temperature. Twenty gg of lyophilized protein was dissolved in 0.5 ml PBS, emulsified in an equal volume of complete Freund's adjuvant (CFA) and injected into a rabbit at multiple sites intradermally as well as intramuscularly. Four weeks later a booster injection of the same antigen dose in CFA was given intramuscularly. Animals were bled 2 weeks after the second injection.
Radioactive labelling. Polypeptides were labelled with carrier-free 125I (Amersham-Buchler) using iodogen (Pierce, Rotterdam, The Netherlands) (Markwell & Fox, 1978) . Specfic activities reached 5 to 10 gCi/gg !arotein. Before labelling, virions were disrupted by treating with 0.5 ~ sodium desoxycholate in PBS. To radioiodinate cytoplasmic protein 107 MT-2 cells were lysed with I ml PBS containing 1 ~ Tween 20 (Sigma). After centrifugation at 10000g for 5 min 5 lal of the supernatant was labelled with 0.5 mCi 125I.
Pulse-chase experiments were modified as follows. MT-2 cells were washed twice, then incubated for 30 min in cysteine-free RPMI 1640 medium, washed again and resuspended in 3 ml of this medium. A 0.5 mCi amount of [3 s S]cysteine (Amersham-Buchler; 1100 Ci/mmol) was added to the cells. After 30 rain of incubation at 37 °C cells were washed and transferred to normal medium. At intervals indicated in Fig. 6 , samples were withdrawn from the culture. In some experiments asparagine-specific glycosylation was inhibited with tunicamycin (20 gg/ml), added to the cultures 20 min before the radioactive label.
Immunoprecipitation. Immunoprecipitation, analysis and detection of precipitated potypeptides by PAGE and autoradiography were performed as described previously .
Peptide mapping. Polypeptides were obtained by preparative immunoprecipitation from lysates of [35 S]cysteinelabelled MT-2 cells. For labelling of cells, conditions described in the pulse-chase experiment were applied with the exception that prior to lysis cells were incubated in the labelling medium for 2 h. Polypeptide gp68 was immunoprecipitated from 5 x 10 ~ [35S]cysteine-labelled MT-2 cells with 50 gl of ATL patient serum.
[3sS]Cysteinelabelled p54 was precipitated with 50 gl of rabbit antiserum to gp68. Immunocomplexes were bound to 50 mg Protein A-Sepharose, washed and analysed by PAGE as described by Schneider et al. (1984) . Polypeptides gp68 and p54 were localized on the dried gels by autoradiography. Strips containing these polypeptides were cut out from the gel. Extraction of polypeptides, precipitation, oxidation with performic acid, digestion with TPCKtreated trypsin as well as two-dimensional analysis of the fragments were performed as described by Beemon & Hunter (1978) .
RESULTS

ATLV core polypeptides p24 and p19 as well as gp68 were isolated by PAGE
Polypeptides with apparent mol. wt. of 24000, 19000 and 15 000 were regularly detected in preparations of [35S]cysteine-labelled ATLV by immunoprecipitation with ATL patient sera . To isolate these putative viral core polypeptides, ATLV was purified on a sucrose density gradient. On such gradients pelleted particles were separated into four bands (Fig. 1 a) . Band 1 is only slightly visible and contains highly aggregated material. The p24, p19 and p15 polypeptides were enriched at a density of 1-16 g/ml in band 3 (Fig. lb) . From this fraction p24 and p19 were isolated by preparative PAGE. Both polypeptides were identified in the gel ( Polypeptide gp46, the putative glycoprotein of ATLV , is present in the virus only in small amounts, while its precursor gp68 accumulates in MT-2 cells . Therefore, the cleared lysate of MT-2 cells is obviously the best source of env genederived polypeptides. We have isolated gp68 from lysates of MT-2 cells by a combination of immunoaffinity chromatography and preparative gel electrophoresis. Immunoreactive polypeptides of the cleared cell lysate were bound to Sepharose-coupled IgG of an ATL patient. The immunoadsorbent was prewashed with 2 mM-MgCI2 and the specifically bound proteins were then eluted with 4 M-MgC12. The gp68 polypeptide was separated from other polypeptides of the specific eluate by preparative SDS-PAGE. As shown in Fig. 3 , polypeptides of the cleared cell lysate (lane 1), of the prewash of the immunoadsorbent with 2 M-MgC12 (lane 2), of the specific eluate with 4 M-MgC12 (lane 3), as well as purified gp68 (lane 4) were analysed by PAGE. Lanes 1 to 4 were stained with Coomassie Brilliant Blue. Polypeptides of the specific eluate (lane 3) were labelled with 1 zs I, separated directly by PAGE (lane 5), or after immunoprecipitation (lane 6) with ATL patient serum and detected by autoradiography.
Polypeptide gp68 was not a prominent polypeptide of the cell extract. However, a 68K polypeptide did bind to the immunoadsorbent and could be eluted by 4 M-MgCI2. This band was identified as gp68 by immunoprecipitation with ATL patient serum (Fig. 3, lane 6 ). The respective immunoprecipitate in addition to gp68 contained a 45K polypeptide and a barely visible band of 23K. Both polypeptides also bound to Protein A-Sepharose in the absence of serum (not shown) and therefore may represent subunits of IgG leaking from the immunoadsorbent. The significance of the 100K and 28K polypeptides eluted from the immunoadsorbent (Fig. 3, lane 5) was not examined further, since they did not react with ATL patient serum (Fig. 3, lane 6) .
Bands of iodinated polypeptides were generally more diffuse with a tendency of tailing compared with bands of unlabelled or metabolically labelled polypeptides. This may be due to partial modification of polypeptides by the oxidative iodination.
Isolated polypeptides can be used to titrate respective antibodies in sera of ATL V carriers
Since the proteins were denatured during preparative PAGE with SDS, their immunoreactivity with antibodies to the native proteins could have suffered. All three isolated polypeptides reacted well with an ATL patient serum, however (Fig. 4) . Sixty ~ of the labelled gp68 and 63 of the p 19 were precipitated at optimum serum dilutions, but only 17 ~ of p24 was precipitated and antibody saturation was not reached. At 3000-to 10 000-fold dilutions, the patient serum still reacted significantly with purified gp68, p24 and p19. 
Rabbit antisera to gp68, p24 and p19 specifically recognize their native proteins as well as larger polypeptides
The specificity of sera was demonstrated by i m m u n o p r e c i p i t a t i o n of corresponding antigens from mixtures of labelled proteins (Fig. 5) . As antigens we used [35S]cysteine-labelled A T L V banded on a sucrose gradient (Fig. 5 a) , a fraction on top of the same gradient (Fig. 5 b) , enriched glycoproteins from the virus-free culture fluid (Fig. 5c) , and 12sI-labelled MT-2 cell extract (Fig. 5d) . A n A T L patient serum recognizing virus-associated antigens served as positive control (Fig. 5a to d, lanes 1) . The antiserum to gp68 detected only minor amounts of gp68 and gp46 in the purified virus preparation (Fig. 5a, lane 2) . More of Immunoprecipitates were washed and counted as described.
these two glycopolypeptides was found on top of the gradient (Fig. 5b, lane 2) . The largest amount of gp46 was detected in cell-and virus-free culture fluid (Fig. 5 c, lane 2) ; however, gp68 was precipitated efficiently from virus-producing cells (Fig. 5d, lane 2) . The reaction of antigp68 serum with both gp48 and gp46 confirms their structural relatedness. The antiserum to p24 detected exclusively this polypeptide in virus and cell extracts (Fig. 5a, lane 3 ; Fig. 5d, lane 3) . From the top fraction of the sucrose gradient a 48K band was precipitated in addition to p24 (Fig. 5b, lane 3) . The antiserum to p19 recognized p19 of purified virus and cell extract. A 28K polypeptide was also precipitated. This polypeptide seems to be more abundant in cells (Fig. 5 d , lane 4), than in purified virus (Fig. 5a, lane 4) . The significance of these findings will be discussed below. Titres of rabbit hyperimmune sera in the radioimmunoprecipitation assay ranged from 5000 to 10000.
The larger polypeptides are precursors to A TL V polypeptides
ATL patient sera immunoprecipitate from pulse-labelled MT-2 cells several polypeptides which have a rapid turnover (Fig. 6) . We used our sera against isolated polypeptides to identify by immunoprecipitation these intermediates as precursors of envelope and core polypeptides (Fig. 6a) . Serum of an ATL patient (lanes 1) served as reference for ATLV-associated polypeptides. Reference serum and anti-gp68 serum (lanes 2) recognized gp68 and a 66K polypeptide in pulse-labelled MT-2 cells (panel P). The smaller polypeptide gradually disappeared during a 2 h (panel C2) and 6 h (panel C6) chase. This was observed more clearly on films exposed for a shorter time (not shown). The 66K polypeptide was not detected in cells labelled under steady-state conditions , and therefore may represent a precursor to gp68. An antigen of 62000 mol. wt. was also detected by patient serum and less efficiently by the anti-glycoprotein serum. Polypeptide p62 was maximally expressed at 2 h of chase and to a smaller extent at 6 h of chase (panels P, C2, C6). Both antisera to core polypeptides p24 (Fig. 6 , lanes 3) and p19 (lanes 4) detected in pulselabelled cells polypeptides of about 48 000 mol. wt. (panel P). Due to the tracking effect of the IgG heavy chain the exact size of p48 could not be determined. Both of these bands disappeared during a 6 h chase, while p24 and p19 became visible (panels C6, lanes 3, 4). The antiserum to p19 recognized p19 and a 28K polypeptide. The intensity of the latter was constant during the whole sampling period. Obviously, p28 is produced independently o f p l 9 and like gp68 is metabolized slowly. When cells were treated with tunicamycin prior to and during labelling, gp68, p66 and p62 disappeared completely (Fig. 6b) . Therefore, p66 and p62 are apparently glycosylated as well as gp68. Core polypeptides and their presumed precursors maintained their mobilities. A new polypeptide of 54000 mol. wt. was recognized by reference and gp68 antisera. Since only a single polypeptide was detected, gp68, gp66 and gp62 may consist of the same apoprotein with different sugar moieties. Polypeptide p54 immunoprecipitated by ATL patient serum migrated slightly faster than p54 precipitated by gp68 antiserum. The possibility that both sera detected unrelated polypeptides was excluded, however. The two-dimensional pattern of tryptic peptides of p54 immunoprecipitated by rabbit antiserum to gp68, and gp68 immunoprecipitated by ATL patient serum were compared (Fig. 7) . Four oligopeptides migrated to equivalent positions (~) indicating sequence homologies between gp68 and p54.
In summary, gp68, gp66 and gp62 probably represent differently glycosylated precursors to the viral envelope glycoprotein gp46 in MT-2 ceils. The major precursor to core polypeptides p24 and p19 has an apparent size of about 48K and is metabolized rapidly, whereas the p 19-related polypeptide p28 is synthesized early and not processed further. Cell lysates prepared after 30 min of pulse labelling (P) and 2 h (C2), as well as 6 h (C6) of chase in regular medium were used for immunoprecipitation with ATL patient serum (lanes 1), rabbit antisera to gp68 (lanes 2), p24 (lanes 3), p19 (lanes 4), human control serum (lane 1-) and preimmune rabbit serum (lane 3-). Immunoprecipitates were analysed by PAGE.
DISCUSSION
We have purified three ATLV polypeptides and prepared antisera against these to study the biosynthesis of viral polypeptides. Polypeptides of 24K, 19K and 15K were specifically enriched on an equilibrium density gradient at a density of 1.16 g/ml (Fig. 1) , the buoyant density of retroviruses. Thus, they are associated with virus particles as observed previously (Poiesz et aL, 1980; Yoshida et al., 1982; Schiipbach et al., 1983 a) . Isolated p24 and p 19 could be immunoprecipitated by sera of an ATL patient (Fig. 4) , healthy ATLV carriers and infected non-human primates (Hunsmann et al., 1983) . Moreover, the hyperimmune sera against the isolated polypeptides specifically precipitated these and structurally related components from heterogeneous mi×tures of labelled polypeptides in cells and virus. Polypeptides of 24K, 19K and 15K of the American isolate HTLV-I have been purified Schiipbach et aL, 1983a) . These polypeptides also react with ATL patient sera (Schfipbach et al., 1983b) . Furthermore, amino Fig. 7 . Polypeptides gp68 and p54 are related. Tryptic fragments were prepared from immunoprecipitated gp68 or p54 as described in Methods. Electrophoresis in the horizontal dimension was followed by chromatography in the vertical dimension. Samples were applied in the lower left corner. --,, Identical peptides.
acid sequences of p24 and p 15 (Oroszlan et al., 1982; Copeland et al., 1983) are encoded by the gag gene of a cloned provirus isolated from a Japanese ATL patient . Thus, p24 and p19, which we have isolated, are obviously core polypeptides of the MT-2 ATLV.
We have shown previously that gp68 (Schneider eta[., 1984) is the precursor to the putative viral glycoprotein gp46 . Further arguments that both polypeptides are env gene products are the fact that they are glycosylated and the preferential reactivity with serum antibodies of infected individuals (Yamamoto et al., 1983 b) . Furthermore, the antiserum prepared against the isolated gp68 recognized predominantly gp68, but also gp66 and gp62 as minor components and p54, the unglycosylated apoprotein of these glycoproteins (Fig. 6) . In contrast to patient serum, anti-gp68 serum did not react with core polypeptides.
Earlier experiments have shown that pulse-labelled MT-2 cells contain polypeptides of 45 000 to 70000 mol. wt. . These are rapidly metabolized. Here, we demonstrate that a polypeptide of about 48000 mol. wt. is precipitated with antisera to p24 and p19 core polypeptides. Apparently, p48 is the major precursor to ATLV core polypeptides. could detect a polypeptide of about 50000 mol. wt. with the rabbit antiserum to p24 in cell-free translates of ATLV RNA. The sequence determined by Seiki et al. (1983) predicts that this precursor has a mol. wt. of 47442. Polypeptides p24 and p15, two core polypeptides of bovine leukosis virus (BLV), are analogous to HTLV p24 and p19 (Oroszlan et al., 1982; Copeland et al., 1983) . These two BLV polypeptides are derived from a common precursor (Mamoun et al., 1983) , which is an additional argument that the 48K polypeptides detected by antisera to both p24 and p19 most probably represent the same molecule.
In addition to p48, the antiserum to p19 precipitated a 28K polypeptide. In agreement with this result a monoclonal antibody to pl 9 also reacts with p28 (Tanaka et al., 1983) . Polypeptide p28 was synthesized early and not processed further (Fig. 6 ). This molecule is detected, however, only in MT-2 cells and cell lines infected by co-cultivation with MT-2 (Tanaka et al., 1983; Koyanagi et al., 1984; T. Chosa et al., personal communication) . Moreover, p28 is produced by cell-free translation only from a subgenomic fragment of the viral RNA . Therefore, p28 might represent a product, perhaps a fusion protein of a defective viral genome.
Antiserum to gp68 predominantly precipitated this antigen. Two smaller polypeptides (62K and 66K) recognized by this serum seem to be glycosylated, since they were not detected in cells treated with tunicamycin (Fig. 6b) . A single polypeptide of 54000 mol. wt. was precipitated instead. This polypeptide is also structurally related to gp68 as shown by two-dimensional analysis of tryptic fragments. The lack of some minor spots in the map of gp68 could be caused by oligosaccharides which may interfere with enzymic cleavage. In addition, glycosylated oligopeptides often bind to the cellulose of thin-layer plates and are poorly resolved by two-dimensional analysis. Polypeptide p54 apparently represents the unglycosylated primary product of the env gene (Seiki et al., 1983) , which codes for a polypeptide of 53886mol. wt. Independently, Hattori et al. (1983, 1984) have shown that gp62 of MT-2 cells is derived from the env gene. They were able to precipitate gp62 with an antiserum to a decapeptide predicted as the carboxy-terminus of the env gene from the nucleotide sequence (Seiki et al., 1983) of an ATLV provirus. Polypeptides gp66 and gp62 could be fragments or underglycosylated forms of gp68. The gp68 polypeptide, like p28 (see above), is however only found in MT-2 and MT-2-derived cell lines (Koyanagi et al., 1984) . Cells infected with HTLV (Essex et al., 1983 ) and other ATLV-infected cell lines contain surface glycoproteins of 62000 tool. wt. (Koyanagi et al.,  1984) . Polypeptide gp62 may differ from gp68, since it was precipitated more efficiently by patient serum than by antiserum to gp68 (Fig. 6) . Furthermore, only a fraction of the gp46 molecules seems to be precipitated by anti-gp68 serum (Fig. 5 c) . Therefore, gp62 could be the precursor of gp46, while gp68, like p28, may be derived from other ATLV-related sequences contained in MT-2 cells. This situation will be clarified by comparing primary structures of glycopolypeptides with those of ATLV-related env gene sequences harboured by MT-2 cells.
The structural analysis of the polypeptides that we have isolated and their respective hyperimmune sera will help to definitely clarify the relationships between viral proteins and their precursors. Furthermore, the sera against purified polypeptides facilitate serotyping (Yamamoto et 
